Toxicodynamic therapeutic drug monitoring of immunosuppressants: promises, reality, and challenges.
Although current immunosuppressive protocols have dramatically decreased acute rejection episodes, there has been less progress in terms of long-term graft survival after kidney transplantation over the last 2 decades. The key to reducing the damage to a transplanted organ as caused by chronic processes is early detection. Modern screening technologies in the fields of genetics, genomics, protein profiling (proteomics), and biochemical profiling (metabolomics) have opened new opportunities for the development of sensitive and specific diagnostic tools. Metabolic profiling appears to be a promising strategy because changes in the cell biochemistry are ultimately responsible for the histologic and pathophysiologic changes of the transplanted kidney and are most likely already detectable before histologic and pathophysiologic changes occur. Using truly no-targeted screening technologies as clinical diagnostic tools is not yet feasible, mostly because of the complexity of the data generated and the lack of algorithms to convert this information into clinically applicable information. A realistic and powerful targeted approach is the development of combinatorial biomarkers. These are biomarker patterns that typically consist of five or more individual parameters. Combined biomarker patterns confer significantly more information than a single measurement and, thus, can be expected to have better specificity and sensitivity. A series of studies in rats and healthy individuals evaluating the effects of immunosuppressants on urine metabolite patterns showed that immunosuppressant-induced changes of metabolite patterns in urine were associated with a combination of changes in glomerular filtration, changes in secretion/absorption by tubulus cells, and changes in kidney cell metabolism. These studies suggested that a combination of biomarkers that can be used for toxicodynamic therapeutic drug monitoring of immunosuppressants should include urine metabolites that constitute valid surrogate markers of these kidney functions.